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I. CONCLUSIONS: 

The Toxicology Branch I has reviewed the metabolism study 
for DDVP listed in Section II. ACTION REQUESTED. Data 
evalua1;ion records are attached. 

The 'I'oxicology Branch I concludes that this study alone does 
not satisfy the toxicology data re~uirements for a 
metabolism study for DDVP in rats (85-1) . This study is 
considered core-supplementary because it is limited to the 
tissue distribution &nd excretion or orally administered 
[

14C]DDVP. Additional information on the biotransformation 
of DDVP (the identification of the urinary and fecal 
m.'!tabolites of DDVP) in rats is requi:-ed. 

II, ACTION IU:2UESTED: 

Review and evaluate the following study: 
Metabolism of 14C-DDVP in rats (preliminary and definitive 
phases). Study No. HLA 6274-105, MRID No. 412287-01, 
8/30/89. 
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III. SUKHARY or THB EVALUATION or THB KBT&BOLISM OTUDYI 

DD\'P was readily absorbed from the gastrointestinal tract in 
groups of five male flnd five female rats given a single oral 
dose of 1 or 20 mg ( 4CJDDVP/kg or a single dally dose of 1 
mg unlabeled DBVP/kg for 15 days followed by a single oral 
dose of l mg [ 4CJODVP/kg. Approximately 43 to 57 percent 
of the dose was eliminated in the urine, feces, and expired 
air (as co2) within 24 hours after dosing. Within 7 days, 
animals eliminated approximately 60 to 77 percent of the 
radioactive dose in the urine/cage washes, feces, and 
exhalad air; gastrointestinal absorption was estimated to be 
between 84 and 93 percent. A large proportion of the 
administered radioact!vity (i.e., 13 to 26 percent) was 
recovered from the carcass at 7 days after dosing; smaller 
amounts were found in the liver (3 to 5 percent) and other 
tissues combined (1 to 2 percent). These data indicate that 
a considerable amount of radioactivity from [ 14CJDDVP is 
retained .i.n the body, even after a single low .:ixposure. 
Tissue ( 14CJ levels in high-dose animals were 
proportionately higher than those of low- and repeated-dose 
animals (i.e., <23 ppm for high-dose rats; <l ppm for all 
other animals). For all animals, the liver, kidneys, and 
bone contained the highest concentrations of ra•Jioactivity; 
the lowest levels were found in the fat. No other marked 
sex- or dose-related differences in the elimination or 
distribution of ( 14CJ ODVP we::-e observed. A similar pattern 
of excretion and tissue retention of radioactivity was 
observed after intravenous administration of 1 mg 
[ 

14C J DDVP /kg. 
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Metabolism in Rats 
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1. CHEHICAL: DDVP; dimethyl dichlorovinyl pho•phate. 

2. TEST MATERIAL: Unlabe:ed DDVP (lot No. KB-40-10-4, pu:i:·ity not 
reported) and [l- 14C-vinyl)OOVP (lot No. 2534-039) with a 
•pecific activity ot 12.9 mCi/mmol and a radiochemical purity 
of 100 percent were used. The structure and radiolabel 
position (*) ot [1'CJDDVP are shown below: 

3. STQDY/AC'fION TYPE: Metab~lism in rats. 

4. STQPX IPEHTIFICATION: Chenq, T. Metabolism ot 14C-DDVP in 
rats (preliminary and definitive phases). (Unpublished study 
No. HLA 6274-105 performed by Hazleton Laborator.ies Ame~ica, 
Inc., Madison, WI, for AMVAC Chemical corporation, Los 
Anqeles, CA; dated Auqust 30, 1989.) MRID No. 412287-01. 

5 . REVIEWED BX: 

Mary E. Cerny, M.S. 
Principal Reviewer 
Oynamac Corporation 

Siqnaturo 1:n '[_ 0-- ~ 
Date: ~O 

William L. McLellan, Ph.D. 
Independent Reviewer 
Oynamac Corporation 

6 • APPROVED BY: 

Nicolas P. Hajjar, Ph.D. 
Department Manaqer 
Oynamac corporation 
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IPA Reviewer, 
Review Section II 
Toxicoloqy Branch I 
(H-7509C) 
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D.A.B.T. 

EPA section Head, 
Review Section II 
Toxicoloqy aranch I 
(H-7509C) 
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7. CONCWSIONS: 

A. DDVP waa readily absorbed from the qaatrointeatinal tract 
in qroups of five male and five female rats qiven a ainqle 
oral dose ot l or 20 m.; [ 1'CJ DDVP/kq or a sinqle daily dose 
of 1 mq unlabeled DDVP/kg for 13 days followed by a sinqle 
oral dose of l m~ : "CJ DDVP/kq. Approximately 43 to 57 
percent of the [ 'CJ dose was eliminated in the urine, 
feces, and expired air (as [ 14C]C02 ) within 24 hours attar 
doainq. Within 7 days, animals eliminated approximately 
60 to 77 percent of the radioactive dose in the urine/cage 
washes, fece~, and exhaled air; gastrointestinal absorption 
waa eatimated to be between 84 and 93 perc~nt. A large 
proportion of t~e administered radioactivity (i.e., 13 to 
26 percent) was recovered from the carcass at 7 days after 
doainq; smaller amounts were found in the liver (J to 5 
perr;ent) and other tissues combined ( l to ::! percent) . 
Th~se data indicatP. that a considerable amount of radio­
act.ivi ty from (i.C]DDVP is retained in the body, even after 
a single low exposure. Tissue c1'CJ levels in hiqh-dose 
animals were proportionately higher than those of low- and 
repeated-dose animals (i.e., S23 ppm for high-dose rats; 
<l ppm for all other animal&). For all animals, the liver, 
kidneys, and bone contained the highest concentrations ot 
radioactivity; the lowest levels were found in the fat. 
No other marked sex- or dose-related differences in th11 
elimination or distribution of [ 14C]DDVP were observed. A 
similar pattern of excretion and tissue retention of 
radioactivity was observed after intravenous administration 
Of 1 mq [1'C]DDVP/kg. 

B. This study alone does ncit satisfy the toxicology data 
requirements for a metabolism study for :>DVP in rats 
(85-1). This study is considered core-supplementary 
because it is limited to the tissue dis'tribution and 
excretion of orally administered ["CJ DDVP. Additional 
information on the biotransformation of DDVP is required. 

Items 8 through 10--see footnote 1. 

10nly the items appropriate to this DER have been included. 
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11. MATERIALS AND METHOQS !PROTOCOL$): 

A. Materials and Methods: 

l. [ 14C]DDVP (lot No. 2534-039) was purified before use in 
the definitive study by thir.-layer chromatoqraphy (TLC) 
and subsequent extraction with methylene chloride. Tho 
radiochemical purity of tho [14CJDDVP used in dosing 
solutions was determined to be 100 percent by TLC (with 
a solvent system of benzAne:methanol, 20:1, v/v) and 
gas chromatography (GC). 

2. Male and female Ct"l: CD (SD) BR rats obtained from Charles 
River Laboratories (Portage, MI) were used. Animals 
were 5 to 9 weeks old and weighed between !25 and 200 g 
at the time of arrival at the performing laboratory. 
The rats were allowed at least l week to acclimate 
bet..;!"e dosing. Animals were fasted overnight to 
4 hours postdose. 

3. Dosing solutions were piepared on the day of dosing as 
described below. Measured amount!! of pur lfiad ( 1'CJ DDVP 
or unlabeled DDVP in methylene chloride were placed in 
qlass vials, and the organic solvent was evaporated 
under nitrogcan; deionized water was added to a final 
volume, and the mixtures were sonicated to ensure 
homogeneity. For the high-dose solution only, 
unlabeled DDVP was used to dilute [ 14C] DDVP to the final 
concentration. The [ 1'c] DDVP in the methylene chloride 
stock solution was found to be stable over the dosing 
period when examined by TLC and GC (as described in 
section 11.A.l of this DER). The ( 14C] concentration 
of the radiolabeled dosing solutions was determined by 
liqul~ scintillation counting (LSC) before and after 
compound administration. 

4. Twenty-four rats/sex were used. Animals were randomly 
assigned to the prelimiraary-phase study or to one of 
the five groups in the definitive-phase study 
(Table l). The two rats/sex in the preliminary-phase 
study were given a s;ingle oral dosa of 1 mg 
[

14CJDDVP/kg. In the definitive-phase study, groups of 
five rats/sex were administered a single :1..ntravenous 
(iv) dose of 1.0 mg [ 1'CJDDVP/kg; a single oral dose of 
l. o or 2 o. O mg [1'c J DDVP /kg (low- and high-dose groups, 
respectively); or a single oral dose of 1.0 mg 
unlabeled DDVP/kg/da~ for 15 days followed by a single 
oral dose of l.O mg ( 'CJDDVP/kg (repeated-dose group). 
Each rat in both the preliminary-phase and definitive­
phase studies received 201'4-Ci of [ 14CJDDVP. An 
additional two rats/sex were given a single oral dose 
of vehicle only (control group). Oral doses were ad­
ministered by gavage, and iv-administered test material 
••• lnjected into t~e t•il vein. The dose qiven to~ 
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TABLE 1. Study Deaiqn tor Animals Ooaed with DDVP 

Actual 
Number of Tarqet Level Do•• Level 

Group Animal a/Sex (mq/kq) (1119/kq) 

Preliminary pha•• 
Group 1 2 1.0 1.2 

Definitive phaee 
Group 1 (iv) 5 1.0 1.0 
Group 2 (•inql• low oral) 5 1.0 o.s 
Group 3 (repeated low oral)• 5 1. 0 0.8 
Group 4 (ainql• hiqh oral) 5 20.0 21. 0 
Group 5 (control oral) 2 o.o o.o 

•Animal• were qiven a ainqle daily doae or unlabeled DDVP for 15 
daya, followed by a ainqle doae or ( 14CJDDVP on day 16. 

source: CBI p. 15. 
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each animal was determined by weighing syringes before 
and after dosing, 

Rats were pl3ced in individual metabolism cages after 
administration of r!'ldiolabeled DDVP. Animals were 
checked twice each day for mortality and moribundity 
and once daily for other signs of toxicity. Body 
weights were recorded on the !irst day of treatment, 
randomly throughout the study, and on study days 7 and 
14 (repeated-dose animals). For animals in the 
preliminary-phase study, urine and feces ware collected 
separately over ice at o to 12 and 12 to 24 hours after 
dosing and daily thereafter for 7 days; for all other 
animals, urine and feces ware collected over ice at o 
to 6, 6 to 12, and 12 to 24 hours postdosing and at 
24-hour intervals thereafter for 7 days after compound 
administration. Expired air (i.e., [ 1'CJ C02 ) was 
trapped in a solution of ethanol amine: ethoxyethanol 
(l:J) at the same time intervals described above. 
Activated charcoal was used to trap radiolabaled 
organic volatiles exhaled by animals in the prelimi­
nary-phase study only. Cages were rinsed with 
l percent trisodium phosphate at the end of the 7-day 
collection periods. Animals were sacrificed at 
24 hours after dosing (controls) or at 7 days postdos­
ing (all test animals), and the following tissues were 
collected, weighed, and radioassayed: blood, bone 
(femur), brain, fat, ovaries/testes, heart, pancreas, 
liver, kidneys, lungs, muscle (thigh), spleen, uterus, 
and residual carcass. 

5. Aliquots of urine, cage washes/wipes, and C02 traps 
were analyzed directly for [ 1'c] content by LSC. Whole 
blood samples were combusted and then counted, and 
feces and all tissues (including the carcasses) were 
homogenized, combusted, and radioassayed. External 
standards and an instrument-stored quench curve were 
used to determine counting efficiencies and to minimize 
color quenching. 

B. Protocol: A protocol for this study is not included in 
this DER. 

12. REPQBTEP RESULTS: 

A. All high-dose rats exhibited tremors and salivation; one 
female in this group died 2.5 hours after dosing. Several 
animals in the iv- and repeated-dose groups had dark urine, 
and one repeated-dose male reportedly consumed no food on 
days 16 through 20. 

7 
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B. DDVP waa readily abacrbed from the qastrcinteatinal tract 
of all orally dosed anima111. Within 24 hours aft•r dosing, 
approximately 43 to 57 percent Of the ( 14Cj administered Was 
recovered from the urine (8 to 14 percent), feces (2 to 
4 percent), and expired air (30 to 41 percent) (Table 2). 
~ithin 7 days postdosinq, rats had excreted approximately 
60 to 77 percent of th• radioactive dose in the urine/cage 
washes (10.5 to 17 percent), feces (4 to 7 percent), and 
exhaled air ( 41 to 58 percent) (Table 3) . A small seic­
related difference in the amount of radioactivity recovered 
from th• exhaled a.tr was observed, with single-dose 11\ales 
( 1. •·, thor<e given the low or high dose) eliminating 
slightly less ( 1"CJ COz than single-do•• females during the 
7-day postdosinq period (41 to 44.5 versus 52 to 54 
percent, respectively). Repeated-dose males and females 
exhaled relatively similar amounts of [ 1'CJ co2 ( 54. S and 
57.5 percent, respectively). Less than O.l percent cf the 
radioactivity administered to rats in th~ preliminary-phase 
study was trapped by active charcoal as organic volatiles; 
as a result, the volatiles trap was not used for the other 
studies. No other differences in the elimination of ODVP 
were noted. The liver and carcass of all orally dosed 
animals contained relatively large amounts of radioactivity 
at 7 days postdosing (3 to 4.5 and 12.S to 24 percent of 
the [ 14C]dose, respectively) (Table 3); in contrast, the 
remaining 14 tissues combined accounted for only l to 1.5 
percent of the administered dose. Carcasses of females 
contained a somewhat smaller amount of radiolabel than 
carcasses cf males (12.5 to 16 versus 20 tc 24 percent, 
respectively). Total recoveries were between 89 and 98 
percent for all orally dosed rats. 

Similar excretion and tissue/carcass data were reported 
for iv-dosed animals (Table 4) and for rats in the prelimi­
nary-phase study (data not presented in this DER). 

c. Individual tissue (uCJ concentrations: wer.e low (<O. 72 ppm) 
for low- and repeated-dose rats (Table 5). The highest 
residua levels in these animals were found in the liver 
(0.495 to o.717 ppm), kidneys (0.209 to 0.316 ppm), and 
bona (0.150 to 0.252 ppm); the lowest levels were in the 
fat (0.038 to 0.054 ppm). Blood and lung (ur:] con­
centrations ware 0.125 to 0.150 and 0.132 to 0.186 ppm, 
respectively. (Tissue [14C] residue levels in iv-dosed 
animals ranqed from o.os to 1.0 ppm, with the highest 
concentrations in the liver, kidneys, and bone, and the 
lowest levels in fat.) 

Radioactivity levels in tissues of high-dose rats were 
proportionately higher than those in low- and repeated-dose 
animals and ranged from 1.14 (fat, females) to 23.1 (liver, 
females) ppm (Table 5). The highest tissue (uC] residues 
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TAIL! 2. Mean Percent Recoveries of Radioactivitl in ~cine, Feces, and COz of 
Ra ta 24 Houra After Oral Dosing with [ 1 CJ DliVP' . 

P1rg1nt of [ UcJ Administ1nd to Rats Dosed at; 
20 mg/kg Repeated dose& 1 mg/kg 

Fraction Hales Fe111alea Male• Femalea Hales Females 

Urine 11. 86° 8.13 12.04 13.87 10.39 ll. 33 

Fee ea l.80 3.31 3.23 4.05 2.61 1.99 

C02 29.50 39.17 33. 31 38.76 39.26 41.21 

Total 43.16 50.61 48.58 56.68 52.26 54.53 

•compiled by the reviewers. 

bAnimals wire ~iven a single oral dose of l mg unlabeled DDVP/kg for 15 days, 
followed by a single oral dose of l mg (14C]DDVP/kg on day 16. 

0 Each value represents the mean of five animals. 

Source; CBI Tables 12-14, 16-18, and 20·22, CBI pp. 39-44, 47·52, and 55-60. 
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lMLE 3. llelll Percent Reco.eriH of lodiooctivity fo hts 1 hp ofter Clrel Daoing vith c14CJIDllP 

Percent of 114cJ Adlinistered to l•t!: Dosed •t: 
1 !Ilka 20 !!11lt1 • •t!SI 1o1.e• 

frKtian ... , .. f-1 .. lloles f-les lloles F-les 

Urine 14.Z • 1.0lib 10.4 • Z.9Z 14.5 • 3.41 16.6 • 1.17 13.1 • 4.311 14.J • 1.41 

fKH 4.22 • 0.1161 7.12 • 2.511 5.17 • 1.n 6.47 • 2.74 4.76. 3.87 4.116 • 1.34 

'--· 0.06 • 0.1157 0.13 • 0.129 0.17•0.139 0.36 • 0.591 0.21 • 0.156 0.07 • 0.097 

r:nzd 41.Z • 3.0Z 54.0 • 0.6llO 44.5 • 2.06 52.J • 3.69 54.5 • J.74 57.5 • 1.92 

Liver 3.49 • 0.195 J.1!11 • 0.330 4.42 • 0.703 4.53 • 0.429 3.35 • 0.669 J. 74 • 11.311 

Tl11UHe 1.~7. 0.135 1.33 • 0.112 1.23 • 0.173 0.99 • 0.117 1.41 • 0.197 1.32 • 0.111 

C.rc ... 24.1 • 0.119' 16.J • 1.23 20.0 • J.19 12.5 • 0.697 20.0 • 1.43 16.3 • 0.953 

iotal aa.7 • 4.34 93.2 • 1.06 90.6 • 4.911 93.5 • 4.45 97.4 • 2.79 911.1 • 1.52 

•Ani•ls•..ere given• single oral dose of 1 1111 Lnlebeled DOW/kl/day for 15 mp. fol lawed by• single oral dose of 1 .. [14cJDDVP/dey on 
cloy 16. 

beach value represents the ... t: stMldard deviation of fi"e r•ts. 

cinch.des uge vip!. 

~ncludes bock"' COz· 
eEKludea l iwr ..::I c•rcns. 

Source: CBI Tobles &·12, CBI pp. 34·36. 
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TABLE 4. Mean Percent Recoveries of Radioactivity in Rats 
Intravenous Dosing with [ 14CJDDVP• 7 Days after 

!1i:g1ot gf c1•s;;i 6dm1D11tl,ld tgi 
Fraction Males Females 

Urine 15.4 ± 2.99 12.7 ± 2.40 

Feces 4.68 ± 2.62 5.76 ± 2.28 

cage wash0 0.18 ± 0.087 0.20 ± 0.079 

C02d 39.5 ± 2.01 50.1 ± 1.50 

Liver 4.78 ± 0.652 4.63 ± 0.323 

Tissues• 1.54 ± 0.273 1.42 ± 0.066 

Carcass 26.1 ± 3.04 17.4 ± 1. 27 

Total 92.2 ± 1.09 92.2 ± 1.83 

•Animals were given a single intravenous dose cf 1 mg/kg. 
bEach value represents the mean ± standard deviation cf five 
animals. 

"Includes cage wipe. 
dincludes backup C02• 
•Excludes liver and carcass. 
Source: CBI Table 7, CBI p. 33. 
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TAILE S, _, -trattan of R111U-ttvlty tn tt ..... of Rau 7 Days after Oral Doolng with t14ClDDVP 

,i•,Jm2~ l .. l:dlilDll ,_2 fRC llSI RHB ISi .... , ..... l •lU zg •ltl 
ttaa .. /Dr.., 11111 .. ,_1 .. ... 1 .. ,_1 .. Main F-lu 

llaod o. ,;soi> 0.135 J.17 Z.95 o. 150 o. 125 

...... (f-r) 0.231 0.150 s.oa 2.93 0.252 0. 168 

lr•tn 0.053 n.1169 1.51 1.77 0.076 0.068· 

carca11 o. 167 0.133 J.77 2.76 o.m 0.129 

fot 0.044 0.054 , .so 1.14 0.038 0.052 

Htlrt o. ,,, 0.135 2.75 3.07 o. 165 0.144 

Kllt'ltys 0.209 0.307 5.27 6.61 0.316 0.295 

LfYI:"' 0.495 0.717 18. 1 23. 1 0.710 0.639 

L'"'I• o. 132 0.143 3.52 3.63 o. 186 o. 154 

llUOClt (thigh) o. 136 o.oaz 3.23 1.113 0.097 0.086 

OVorln ffAC 0.121 NA 2.72 NA o. 163 

Percrt11 o. 120 0.135 3.oa 2.48 o. 185 o. 164 

Spl- o. 100 o. 145 3.35 3.67 0.216 o. 185 

Tt1tt1 0.084 ffA 2.19 NA o. 121 NA 

UttrUI NA o. 142 NA 4.62 NA 0.234 

"AnlNlo woro 11- ! otntlt orol dolt of 1 1111 1r.lobtltd DDVP/kt/dty for 
orol dolt of 1 1111 t 4ClOOVP/kg on dty 16. 

15 dtyo, followed by • slntlt 

bEtch vol .. ropruanu tho Non of ftvo onlNl1, .. copt vol- for hlflh·doH 1-111, which represent 
tho ...., of four rot1. 

·~at .,,..1tcoblo. 

Sauret: Cll Tobin 24•26, Cll pp. 63·68. 
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were found in the liver (18.1 to 23.l ppm), kidneys (5.27 
to 6.61 ppm), uterus (4.62), spleen (3.35 to 3.67 ppm), 
luntJ• (3.52 to 3.67 ppm), and bone (2.93 to 5.08 ppm); 
tat had the lowest residue concentrations (l.14 to 1.50 
ppm). Th• mean radioactivity concentration in the blood 
was 3.17 ppm for males and 2.95 ppm for females. 

13. STtlQX AUTHOR'S CONCUZSIONS/OUALITX ASStJBANCE MEASUBES: 

A. The study author reported that 88.7 to 98.l percent of the 
[uC]DDVP administered was recovered within 7 days after 
dosinq. The majority of the radioactivity eliminated was 
recovered as [ 1.C]COz in expired air (39.5 to 57.5 percent 
of the total dose qiven to animals in the definitive-phase 
studies); smaller amounts were found in the urine (10.4 to 
16.7 percent) and feces (4.22 to 7.12 percent). Most of 
the radioactivity in the expired air and excreta (i.e., 43 
to 57 percent of the [ 14C] administered) was eliminated 
within 24 hours after dosinq. Larqe amounts of radio­
activity were absorbed and retained in the carcass (12.5 
to 26.l percent), liver (3.35 to 4.78 percent), and other 
tissues combined (0.99 to 1.54 percent). The liver, 
kidneys, and bone generally had the highest [ 14CJ levels and 
fat had the lowest. The study author concluded that there 
were no sex- or dose-related differences in the elimination 
or distribution of [ 14CJDDVP. 

B. A quality assurance statement, signed and dated Auqust 30, 
1989, was included in the study. 

14. REYIEWERS' oIScuSSION ANP INTERPRETATION OF STYDX RESULTS: 

This study was conducted adequately according to EPA Guidelines 
(Pesticide Assessment Guidelines, subdivision F, Hazard 
Evaluation: Human and Domestic Animals, 1984, Office of 
Pesticides and Toxic Substances, U.S. Environmental Protection 
Aqency, Washington, DC, pp. 152-156). The selection of dose 
levels was appropriate, with the low dose corresponding to a 
no-effect level and the hiqh dose producing some signs of 
toxicity. Sufficient numbers of animals (five/sex/dose level) 
were used in each of the definitive-phase experimental groups. 
Th• study author'• conclusinns were supported by the data 
presented. [.14C]DDVP was readily absorbed from the 
gastrointestinal tract of male and female rats given single low 
oral, sinqle high oral, or repeated low oral doses of the test 
material. Within 24 hours after dosing, animals from all 
qroupa had eliminated approximately 43 to 57 percent of the 
[

14CJ dose in the urine, feces, and exhaled air; within 7 days, 
approximately 84 to 93 percent of the administered radio­
activity was absorbed (based on recoveries from urine, cage J 
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washes, liver/tissues, C02 , and carcass; calculated by the 
reviewers). The majority of [ 14C] eliminated was recovered as 
[ 14C)C02 (about 40 to 58 percent of the dose) I smaller amounts 
were found in the urine (10 to 17 percent) and feces (4 to 7 
percent). The exhalation of approximately 40 to 50 percent of 
the radioactive dose as ( 14C)C02 suqqests that DDVP is ex­
tensively metabolized by rats. However, metabolite profiles 
were not included in this report, and, thus, additional 
information on the biotransformation of DDVP was not available. 
Large proportions of the [ 14C] doses were retained in the 
carcass (up to 24 percent for orally dosed rats), liver (3 to 
5 percent), and other tissues combined (l to 2 percent), 
indicating that radioactivity from [ 14C]DDVP accumulated in the 
body even after a single low exposure. Tissue [ 14C] conc­
entrations were proportionately hiqher in high-dose rats than 
in low- and repeated-dose rats, and relatively high levels of 
radioactivity in the liver (rather than the lungs) suggest that 
the liver is the primary sit~ for the biotransformation of 
DDVP. No other significant sex- or dose-related differences 
in the excretion or distribution of DDVP were reported. 
Recovery Of [ 14C) was somewhat low (i.e., 88,7 percent) for low­
dose males; total recoveries were acceptable (>90 percent) for 
all other groups. Patterns of [ 1'CJ excretion and tiwsue 
retention were similar for iv- and orally dosed rats. 

Items 15 and 16--see footnote l. 
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